SUMMARY Excessive hepatic copper accumulation occurs in long-lasting cholestatic liver disorders especially in primary biliary cirrhosis. As in Wilson's disease, penicillamine has recently been introduced for the treatment of primary biliary cirrhosis. In Wilson's disease there is decreased biliary excretion of copper. The present study shows that as compared with controls the biliary excretion of copper is not decreased in primary biliary cirrhosis; instead it may be increased in some patients. However, when compared with high hepatic copper concentration biliary copper excretion was low. In contrast with copper, biliary secretion of bile acids was decreased in eight of the 17 patients. Treatment with oral penicillamine (600 mg/day) for one year resulted in a significant decrease of hepatic copper concentration, but had no consistent effect on the biliary excretion of copper or on the amount of histologically stainable orcein-positive copper-binding protein. The results suggest that excessive hepatic copper accumulation in primary biliary cirrhosis may not be primarily caused by a decreased biliary excretion, or that a new equilibrium is achieved in advanced primary biliary cirrhosis. D-penicillamine appears to improve significantly the biliary excretion of bile acids.
Abnormal copper deposition in human liver has long been associated with Wilson's disease,1 2 but it is also found in long-lasting cholestatic liver diseases; especially in primary biliary cirrhosis.36 The biochemical events underlying these changes in copper metabolism are not understood and appear to be different in the two disease states. In Wilson's metal.10 However, even in primary biliary cirrhosis, the incorporation of radiocopper into caeruloplasmin via the more rapid pathway appears to be impaired,11 though significantly less than in Wilson's disease. 10 There is no information available about the biliary excretion of copper in patients with primary biliary cirrhosis. As this is the main site of copper elimination from the body, it was considered worthwhile to ascertain if changes in the biliary excretion of copper could account for the defect in copper metabolism in this disease. With this background the aims of the present study were (1) to quantify the biliary excretion of copper in primary biliary cirrhosis; (2) to study the effect of pencillamine treatment on this same parameter; (3) to relate biliary copper excretion to other hepatic functions, to biliary excretion of bile acids, and to hepatic copper content.
Methods

PATIENTS
The studies were carried out in 15 female and two male patients with primary biliary cirrhosis. The basal biliary excretion rates of copper and bile acids were measured in 17 patients after seven days on the diet by the duodenal perfusion technique according to Grundy and Metzger.15 After an overnight fast a two-lumen radio-opaque tube (type AN 20, H W Andersen Products Ltd, England) was positioned, under fluoroscopic control, so that the proximal outlet was situated in the second part of the duodenum. To make the gallbladder contract each patient received cholecystokinin (Pancreozymin, Boots Co. Ltd, England) 2 units per kg of body weight, up to a maximum dose of 100 units per patient, in 20 ml of physiological saline intravenously.
The liquid formula used in the study was prepared from 20 ml olive oil, 20 g fat-free milk powder, 4 5 g glycerol-l-mono-oleate (Fluka AG, Switzerland), and 200 ml water by sonication. The energy content of the formula was 270 kcal. The formula contained 4 g polyethylene glycol 4000 (Fluka AG, Switzerland) as a nonabsorbable marker. The formula with markers was infused at a rate of 30 ml/h into the duodenum via the proximal outlet of the tube with an infusion pump (type 871 102, B Braun, Melsungen AG, West Germany). Samples of 5-10 ml were aspirated hourly through the outlets, which were located 15-20 cm more distally in the duodenum. Collections were made for up to six to eight hours. The samples obtained were placed in a water bath at 70°C for five minutes to destroy the lipase activity and then stored at -20°C until analysed.
The biliary secretion rates of copper and bile acids (S) Biliary secretion rates were re-evaluated after one week on penicillamine treatment (600 mg/day) in 13 and after one year in seven ofthese patients.
ANALYTICAL METHODS
For the determination of hepatic copper, wedge liver biopsy samples (50-100 mg) obtained at laparoscopy were weighed into covered 10 ml silica crucibles, dried overnight at 100°C, and then dry-ashed at 450°C. The ash was dissolved first with 0 5 ml 6M HCL (Suprapur, Merck) and then with 1 ml 2M HCL with gentle warming. The crucibles and covers were rinsed several times with small volumes of deionised water and finally diluted to 3 ml. The copper concentrations of the ash solutions were determined with the flame of flameless AAS-method (Perking-Elmer, model 300, with HGA 72). The details of the method have been described earlier. 18 The effect of the sample size on the accuracy and precision of the method was tested with the Standard Reference Material No. 1577, Bovine Liver, produced by the National Bureau of Standards (NBS), Washington, D.C.
In order to overcome the exceptionally difficult matrix effect found in bile, the bile samples were also dry-ashed as described above. As a control, Seronorm standard serum (Seronorm, Batch No. 139 
Results
BILIARY EXCRETION OF COPPER
In controls mean biliary excretion of copper (49 44 ptg/h) was equal to earlier reports. 12 27 In none of the patients with primary biliary cirrhosis was biliary copper excretion decreased (Fig. 1) . In fact the mean excretion of copper was higher in the patients with primary biliary cirrhosis than in controls, but the difference was not statistically significant. Biliary copper excretion was remeasured in 13 of these patients after treatment with oral penicillamine (600 mg/day) for one week (Fig. 1) . Seven of these patients (Fig. 1 ) continued on penicillamine treatment for one year. As demonstrated in Fig. 1 penicillamine had no consistent effect on the biliary excretion of copper. Nor was it influenced by the histological stage of the liver disease. 
BILIARY EXCRETION OF BILE ACIDS
In contrast with copper, biliary excretion of bile acids was decreased in eight of 17 patients (Fig. 2) . Treatment with penicillamine for one week had no effect on biliary secretion rate of bile acids. However, after one year of penicillamine, biliary excretion of bile acids was significantly (p < 0-02) improved compared with pre-treatment values (Fig. 2) . This cannot be explained by daily variation in biliary excretion, as the excretions in the first two measurements at one week's interval were almost identical. Biliary excretion of bile acids could not be related to the histological stage of the liver disease and there was no correlation between the biliary excretion rate of copper and that of bile acids. Fig. 4 The effect ofd-pencillamine treatment (600 mg/day) ofone year on the hepatic copper concentration. The material includes one patient not participating in the excretion studies.
HEPATIC COPPER
There was no correlation between the biliary excretion ofcopper and hepatic copper content (Fig. 3) . Although penicillamine treatment had no effect on the biliary excretion of copper, it did decrease hepatic copper in most of the patients (Fig. 4) . On the other hand, in patients who were given no active drug treatment hepatic copper tended to increase during the one year period of follow-up. However, the decrease in the amount of chemically measurable copper in treated patients was not associated with a similar decrease in the amount ofhistologically stainable copper or copperbinding protein. This was confirmed independently and blindly by two pathologists. Their interpretation as to orcein-and/or rubeanic acid positivity before and after penicillamine is shown in the Table. In the early stages of both primary biliary cirrhosis and Wilson's disease most of the excess liver copper is found in the cytosol.7 12 Since, as shown in this study, the biliary excretion of copper is not decreased in even the early stages of primary biliary cirrhosis the basic reason for the copper accumulation could be the decreased incorporation of radiocopper into ceruloplasmin via a so-called more rapid pathwayll or an increased hepatic uptake of copper. It is also possible that, in the early phase of the disease, the biliary copper excretion is defective. However, in the later stages, a new equilibrium could have been reached where biliary excretion is at normal range, but still low when compared with the degree of hepatic copper accumulation. This possibility cannot be ruled out, as all of our patients had an increased hepatic copper content.
In primary biliary cirrhosis the excess hepatic copper appears to be bound to protein-forming orceinpositive intracellular aggregates.21 These complexes contain high amounts of sulphur residues capable of copper complexing.21 32 The high copper and sulphur content of these complexes has also been demonstrated by x-ray microanalysis, which suggests that the molecular ratio of sulphur to copper in the accumulations is 2:1.33 In the advanced stage of the disease these copper-protein complexes are electromicroscopically stored in the lysosomes.34
As in Wilson's disease d-penicillamine has recently been introduced for the treatment of primary biliary cirrhosis. In controlled studies the drug has been shown to decrease hepatic copper concentration, serum transaminase levels, and the. degree of histological cholestasis.35 36 Also in this study penicillamine treatment for one year decreased the content of chemically measurable copper in the liver, but it had no effect on the orcein-positive copper-protein complexes. The findings suggest that penicillamine primarily removes copper from the hepatic cytosol, but not from the lysosomal aggregates. The decrease in the cytosolic copper was associated with the improvement of the biliary secretion of bile acids, which indicates an improved hepatic function during d-penicillamine treatment. 
